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Abstract There have been few studies to date that investigate the effect of race on out-
comes related to coronary artery bypass grafting. The objective of the present study was to
investigate race as an independent predictor of outcomes among patients undergoing coronary
artery bypass graft (CABG).
A nested case-control study from a twelve-year hospitalization cohort (NZ 9671) in which
data were collected prospectively was conducted. Cases were African-American patients un-
dergoing CABG (NZ 644). Controls were randomly selected Caucasian patients undergoing
CABG (NZ 1932). Controls were matched to cases 3:1 on year of surgery. Fifteen preoperative
and intraoperative risk factors and 14 outcomes were examined. The 14 outcomes of interest
were length of stay, readmission to ICU, total ICU stay, total hours on ventilator post-op,
reoperation for bleeding/tamponade, deep sternal wound infection, neurological com-
plications, pneumonia, other pulmonary complications, renal failure, gastrointestinal compli-
cations, atrial fibrillation requiring treatment, in-hospital mortality, and intraoperative
complications. Regression analysis was used to control for risk factors.
Multivariate analysis revealed African-Americans were at greater risk for renal complications
(OR 1.88, 95% CI 1.27e2.77), neurological complications (OR 1.34, 95% CI 1.01e1.77), and
pulmonary complications (OR 2.11, 95% CI 1.72e2.59). African Americans had a significantly
longer hospitalization post-operatively (OR 0.79, 95% CI 0.66e0.96), but were less likely to
Abbreviations: ARDS, adult respiratory distress syndrome; BSA, body surface area; CVA, cerebrovascular accident; CABG, coronary
artery bypass graft; CPB, cardiopulmonary bypass; GI, gastrointestinal; IMA, internal mammary artery; IABP, intra-aortic balloon pump;
ICU, intensive care unit; LVEH, left ventricular ejection fraction; MI, myocardial Infarction; NYHAFC, New York Heart Association Functional
Classification; OPCAB, open coronary artery bypass; TIA, trans-ischemic attack.
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Coronary artery bypass graft surgery outcomes 213experience post-operative atrial fibrillation requiring treatment than Caucasians (OR 0.64, 95%
CI 0.49e0.84).
Even after multiple adjustments, African-Americans undergoing CABG surgery had signifi-
cantly greater morbidity compared to Caucasian patients.
ª 2006 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.Introduction
Many studies have reported significant differences in the
utilization of diagnostic and therapeutic interventions for
coronary artery bypass disease among non-Caucasian
patients.1e6 However, relatively few studies to date have
investigated the associations of race with outcomes after
coronary artery bypass grafting (CABG).7e11
Bridges et al. utilized the Society of Thoracic Surgery
National Cardiac Surgery Database to determine whether
race was independently associated with operative mortality
after CABG.7 They found that even after controlling for
multiple risk factors, race was a significant independent
factor associated with operative mortality.7
In another study also conducted utilizing the Society of
Thoracic Surgery National Cardiac Surgery Database, Hartz
et al. focused on whether race alone or in combination with
gender has an association with overall mortality in patients
undergoing CABG.8 The study found among equally
risk-matched Caucasian and non-Caucasians, that non-
Caucasians had significantly higher mortality (up to 10%)
among the lower risk subgroups but not among higher risk
subgroups. Hartz et al. similarly concluded that race was
an independent predictor of operative mortality among
non-Caucasian patients undergoing CABG.8
Most recently, Maynard and Ritchie looked at racial
differences in outcomes of Veterans undergoing CABG.9
They concluded that African-American veterans had com-
parable operative mortality, slightly worse long-term sur-
vival, and essentially equivalent re-hospitalization rates.9
The goal of the present study was to examine race as an
independent predictor of morbidity outcomes among
patients undergoing CABG. This study attempted to control
for all important indicators of outcomes to provide
information which may help guide preoperative counseling
as well as clinical decision making with respect to race in
patients undergoing CABG.
Methods
A nested case-control study from a twelve-year, prospec-
tive hospitalization cohort (NZ 7345) was conducted.
Nurses, physicians, and perfusionists collected data on
225 variables during admission. Data were grouped into
demographic, medical history, postoperative, perfusion,
and procedure sections. Using a series of cross-checking
questions, two individuals audited all data forms for
completeness and consistency. To further ensure accuracy
and consistency, a physician audited a random 10% of
patient forms. Data then were entered into an interactivemulti-institutional database (Patient Analysis and Tracking
System, Axis Clinical Systems, Portland, OR).
Included in the study were patients age 18 and older
undergoing CABG only procedures between October 1993
and July 2005. Patients undergoing another cardiac surgery
with CABG were excluded. Cases were African-Americans
undergoing CABG (NZ 644) and controls were Caucasian
patients undergoing CABG (NZ 1932). Surgeons from the
same cardiothoracic surgery group performed all surgeries.
Controls were matched to cases 3:1 on year of surgery.
Fifteen risk factors were controlled for and are listed in
Table 1. The 14 outcome variables are also defined and
listed in Table 1.
Risk factors and outcomes were compared among cases
and controls using Chi-square for categorical variables and
Student’s t-tests for continuous variables. Then, multivari-
ate analysis (logistic regression) investigated the adjusted
risk between cases and controls with the outcomes of inter-
est while controlling for the significant risk factors. SPSS
(SPSS Corporation, Chicago, Illinois) statistical software
was used to perform the analyses.
Results
Univariate analysis revealed four significant risk factors
(Table 2). African-Americans were more likely to have dia-
betes (p < 0.001) and hypertension (p < 0.001). Caucasians
were more likely to have a previous CABG (pZ 0.020) and
to be in NYHA functional class group III or IV (pZ 0.003).
There was no significant difference between African-
Americans and Caucasians on the other eleven risk factors.
Univariate analysis revealed five significant outcome
variables (Table 3). African-Americans were more likely
to experience neurological complications (pZ 0.025),
pulmonary complications (p < 0.001), renal failure
(p < 0.001), and a longer length of stay from surgery to dis-
charge (pZ 0.012). Caucasians had more atrial fibrillation
requiring treatment (p < 0.002). There was no significant
difference between the two groups for the other nine
outcomes.
Multivariate analysis included the four significant risk
factors and the five significant outcomes. The logistic
regression revealed a significant difference between
African-Americans and Caucasian for all five outcomes of
interest after controlling for the significant risk factors
(Table 4). African-Americans were at greater risk for renal
complications (OR 1.88, 95% CI 1.27e2.77), neurological
complications (OR 1.34, 95% CI 1.01e1.77), and pulmonary
complications (OR 2.11, 95% CI 1.72e2.59). African Ameri-
cans tended to have a significantly longer hospitalization
post-operatively (OR 0.79, 95% CI 0.66e0.96). However,
214 J. Michael Smith et al.Table 1 Definitions of variables
Risk factors Definition
Age Years at time of surgery
Gender Male; Female
Smoking history No; Yes
Diabetes No; Yes
Hypertension No; Yes (>130/80 twice)
CVA/stroke history No; Yes
Chronic lung disease No; Yes (Mild; Moderate; Severe)
Previous CABG No; Yes
Body surface area Meters3
Perfusion time Minutes
Cross clamp time Minutes
IABP No; Yes
NYHA functional class Groups I and II; Group III and IV
Estimated LVEF 39 or less; 40 or greater
Urgency of procedure Elective; Urgent
Outcomes
Length of stay Days from surgery to discharge
Readmit to ICU No; Yes
Total ICU stay Total days in ICU
Total hours on ventilator
post-op
Hours on ventilator postoperatively
Reoperation for bleeding or
tamponade
No; Yes
Deep sternal wound infection
requiring return to operating
room
No; Yes
Neurological complications No; Yes (Mild mental status; Mild hemispheric, Severe mental status; Severe
henmispheric; Confusion only; Severe other (brain stem); Peripheral nerve injury;




No; Yes (Pleural effusion; Atelectasis; Pneumothorax; Hemothorax; ARDS; Tracheostomy;
Pulmonary edema; Paralyzed diaphram; Self-extubated)
Renal failure No; Yes
Gastrointestinal complications No; Yes (GI bleed requiring invasive treatment or transfusion; perforated ulcer; cholecystitis;
hepatitis; pancreatitis; bowel obstruction; ileus (NPO >3 days); intestinal ischemia requiring




In-hospital mortality No; Yes
Intraoperative complication No; Yes (Dissection; Hemorrhage; Pre-bypass arrhythmia; cardiac laceration; cardiac
dilatation; air embolism, MI; Aortic tear; post bypass arrest; valve trauma; post bypass
arrhythmia; IMA/Radial/Other harvest-Not satisfactory; Redo valve prosthesis; Protamine
reaction; Cut patent CABG; Additional incision required; Sternum open with skin open;
Sternum open with skin closed; Convert from OPCAB to CPB; Coronary sinus injury;
Esophageal)
CVAZ cerebrovascular accident; CABGZ coronary artery bypass graft; LVEFZ left ventricular ejection fraction; IABPZ intra-aortic
balloon pump; NYHAZ New York Heart Association; ICUZ intensive care unit; ARDSZ adult respiratory distress syndrome;
TIAZ trans-ischemic attack; GIZ gastrointestinal; MIZmyocardial infarction; IMAZ internal mammary artery; OPCABZ open
coronary artery bypass; CPBZ cardiopulmonary bypass.African-Americans were less likely to experience
post-operative atrial fibrillation requiring treatment than
Caucasians (OR 0.64, 95% CI 0.49e0.84). Logistic regression
analysis found even when controlling for the significant risk
factors (diabetes, hypertension, previous CABG, and NYHA
functional class) African-Americans fared worse than
Caucasians on four of the five outcomes following CABG.Discussion
Numerous studies have shed light on the significant differ-
ences in utilization of diagnostic and therapeutic interven-
tions for coronary artery disease among African-American
patients. However, there has been less research into the
impact of race on outcomes related to these diagnostic and








Gender (men) 54.3% 71.4% <0.001 2.10 1.75e2.52
Smoking history 68.2% 66.5% 0.442 1.08 0.89e1.31
Diabetes 47.2% 30.4% <0.001 2.05 1.71e2.46
Hypertension 84.0% 66.2% <0.001 2.68 2.13e3.38
CVA/stroke history 10.3% 10.8% 0.725 0.95 0.71e1.28
Chronic lung disease 16.0% 18.5% 0.151 0.84 0.66e1.07
Previous CABG 6.6% 9.6% 0.020 0.66 0.47e0.94
IABP 4.2% 3.8% 0.634 1.12 0.71e1.75
NYHA functional class (III & IV) 50.7% 57.6% 0.003 0.76 0.63e0.91
Estimated LVEF (40 or greater) 75.0% 78.3% 0.083 0.83 0.67e1.03
Urgency of procedure (urgent) 32.7% 32.7% 0.998 1.000 0.83e1.21
Age (years) 63.7  10.6 64.6  11.0 0.057 e e
Body surface area (m3) 1.97  0.23 1.98  0.24 0.131 e e
Perfusion time (min) 98.1  45.1 94.9  53.0 0.156 e e
Cross clamp time (min) 63.5  32.1 63.0  41.0 0.711 e etherapeutic interventions. The relatively few studies that
have looked at the impact of race on outcomes in patients
undergoing CABG do show significant differences in certain
subgroups. The goal of the present research was to build on
the results of these previous studies.
With respect to the risk factors in this study, African-
American patients were significantly more likely than
Caucasians to have diabetes, and hypertension. The poten-
tial implications of these variables on outcomes are
obvious, and therefore allow to more optimally stratify
both African-American and Caucasian patients in terms of
risk assessment.
The outcome variables revealed African-American pa-
tients were at significantly higher risk than Caucasians to
experience neurological complications, renal failure, pulmo-
nary complications, and longer length of hospital stay after
CABG surgery. Even after performing multivariate analysis to
control for confounding variables, African-American patientswere still found to be at greater risk for, renal failure,
pulmonary complications and longer length of hospital stay.
These results are similar to those obtained by Hartz
et al. who found non-Caucasian race to be a significant
independent predictor of adverse outcome following
CABG.8 Although their study had more patients than the
present study, two major limitations were noted. The first
limitation of the study was the lack of inclusion of left
internal mammary artery conduit on operative outcomes
and mortality. A second limitation was the fact that they
did not further stratify the non-Caucasian groups and
specifically analyze African-American patients. These two
limitations allow the present study to shed further light on
the unique outcome differences between African-Americans
and Caucasian patients. In another study, Bridges et al.
found race to be an independent predictor of operative
mortality, specifically in lower-risk patients and male






Readmit to ICU 2.5% 1.7% 0.212 1.465 0.80e2.6
Reoperation for bleeding or tamponade 1.4% 1.0% 0.381 1.426 0.64e3.17
Deep sternal wound infection 0.2% 0.5% 0.273 0.333 0.04e2.63
Neurological complications 13.7% 10.5% 0.025 1.357 1.04e1.77
Pneumonia 2.2% 2.4% 0.799 0.909 0.44e1.89
Other pulmonary complications 37.4% 21.4% <0.001 2.195 1.81e2.67
Renal failure 8.1% 4.1% <0.001 2.064 1.437e2.96
Gastrointestinal complications 0.9% 1.4% 0.362 0.663 0.27e1.61
Atrial fibrillation requiring treatment 17.3% 24.0% 0.002 0.664 0.51e0.86
In-hospital mortality 3.4% 2.3% 0.134 1.482 0.88e2.49
Intraoperative complication 5.5% 3.7% 0.057 1.503 0.99e2.29
Length of stay (days) 6.7  6.4 6.0  5.1 0.012 e e
Total ICU stay (days) 47.4  89.5 45.0  107.7 0.599 e e
Total hours on ventilator 16.2  67.4 15.6  70.4 0.882 e e
ICUZ intensive care unit.
216 J. Michael Smith et al.should continue to be referred for CABG based on clinical
criteria independent of race.
In other previous works, Gray et al.11 and Higgins et al.10
both revealed differences in overall operative mortality for
African-Americans and Caucasians, however these differ-
ences were not statistically significant. Gray et al. found
a 5.5% operative mortality in African-Americans compared
to 4.6% in Caucasians (pZ 0.48).11 Higgins et al. found a
significant difference in operative mortality (pZ 0.003).
However after using multivariate regression, race was not
a significant predictor of mortality.10
Conclusion
African-AmericansundergoingCABGsurgeryhave significantly
higher morbidity compared to Caucasian patients.
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Table 4 The adjusted odds ratio and 95% confidence
intervals comparing African-Americans and Caucasians on












Length of stay (days) 0.79 (0.66e0.96) 0.017References
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